Introduction
properties is 400 ns. The Einstein relations are used to compute the transport properties from the time correlation plots. 2 Computing the transport properties using Einstein relations requires the correlation times approaching infinity, or where the slope of the plot in the loglog scale is unity in the short MD simulations. For better sampling of time correlations, we use the order-n algorithm 3 that ensures statistically accurate time correlations compared to the conventional algorithm. 4 By simulating up to 400 ns, we are sure that all simulations have already converged. As an example, the mean square displacement of 18-crown-6 at 333
K and 373 K are presented in Figure S3 . The system at 333 K (the most viscous system) requires longer simulations.
Solubility Results
In Tables S3 to S8 , the solubility data, which are the computed molefractions, of CO 2 , CH 4 , and N 2 in 12-crown-4 and 15-crown-5 are listed. The molefractions are computed from 4 and 8 independent simulations for 12-crown-4 and 15-crown-5. These data are for dilute systems with a maximum molefraction of 10% solutes in the solvent. Using these data, the Henry coefficients are calculated by fitting to the following equation:
The Henry coefficients are listed in Table S9 .
The densities of 12-crown-4 and 15-crown-5 computed from MD (flexible molecules) and MC (rigid molecules) simulations are illustrated in Figure S4 .
S3

Force Field Parameters
In a force field-based molecular simulation, the interactions between atoms are defined by non-bonded and bonded interaction potentials:
In a non-polarizable force field, the non-bonded interactions consist of Lennard-Jones and Coulombic interaction potentials between the atoms of different molecules or the atoms separated by at least three bonds inside a molecule. The non-bonded interaction between two atoms i and j, separated by a distance of r ij and having partial atomic charges of q i and q j , is:
in which 0 is the permittivity of vacuum, and ε and σ are the Lennard-Jones parameters.
The interaction parameters of dissimilar atoms are calculated from the Lorentz-Berthelot mixing rules:
The bonded interactions constitute of bond stretching, bond angle bending, and dihedral angle torsional potentials:
Depending on the type of the force field, different functional forms are available to describe these interactions. The TraPPE force field 1,6-12 considers all bonds rigid and uses a quadratic potential as the functional form of bond angle bendings. However, we use a quadratic S4 potential for both the bond stretching and the bond angle bending:
where K b and K θ are the force constant of the potential, including implicitly the factor 1/2 used by most of force fields. r 0 and θ 0 are the equilibrium bond length and bond angle, respectively. Since the TraPPE force field does not provide any bond-stretching force constant, we use the force constants provided by the OPLS 13 /AMBER 14 force field. The equilibrium bond lengths, however, are the values specified by the TraPPE force field. The
TraPPE torsional potential functional form is used for the dihedral angles:
A schematic representation of the molecules according to the (pseudo)atoms of the force field is shown in Figure S5 (crown-ethers) and Figure S6 (methane, CO 2 , and N 2 ). The non-bonded force field parameters of all molecules are listed in Table S10 . The force field parameters of the bond stretching, bond angle bending, and dihedral angle torsion of all molecules are listed in Tables S11 to S13. In these tables, two sets of force field parameters are provided for CO 2 ; 8,15 one is rigid and the other has flexible bonds and bond-angle. The flexible and rigid force fields are respectively used in the MD and MC simulations. Table S10 : Non-bonded interaction parameters (Equation (S3)) for the crownethers. Table S11 : Bond stretching potential parameters (Equation (S6)) for the crownethers and solutes.
Molecule
Bond Figure S6 : Schematic representation of the natural gas components studied for the solubility in crown-ethers. M is a dummy site in the force field of N 2 .
